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HHMB R0BB6RTBBHHMB OfiOJIOHKaMH. 

OdcyxnaercH s^bhchmoctb nepHoaa'ntuoia ot cneKTpam>- 
aoro Baaooa. 



Periods of activity cicles in late- type stars, by 
N.I.Kleeorin, A.A.Ruzmaikin and h.D.Sokoloff • 

ABSTRACT 

Period of stellar activity versus the angular velo- 
city of late- type star with an extended convective shell 
Is estimated by mean field dynamo theory. The period 
dependence on the star spectral type is discussed. 
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I. BBEWE 

teaTejiBHhie Ha&JHQfleHHH Bapaaijaft aoTona b H .K mm hx 

OflHOKpaTHO MOHH30BaHHOrO KaJIBLIJlH , BHHOJIH eUHH6 JUIR CSOJIBtflOrO 
Hadopa 3Be3.ii no3flHax caeKTpanBHHX KflaccoB, namnasi c F o . 
(Bhabcoh, 1978; Boraa h flp. , 1981), odHapyaara umkahtooctb 

aKTHBHOCTH CymeCTBeHHOfi flora 3THX 3Be3fl. OTKpHTHe 3Be3flHUX 
UHkjiob ododmaeT cjioxHBimecH npeflCTaBflemiH o caraeaHOM uaiae, 
nocJieflHHa HaxoflHT odBHCHeHae b Teopaa raflpoMarHHTHoro flHHaMo, 
fleiiCTByiomero e KOHBeKTHBHOft otioJiOHKe Bpamafflue&CH 3Be3flti. no— 
3TOMy , ecTecTBeHHo, pacnpocTpaHKTB 3Ty Teopac Ha flpyrae SBeaflu 
c kohb eKTHBHbiMH odoflOHKaMH . B HacTOHmeft 3aMeTKe b paMKax npoc- 
Teftmeft MOflejm flHHaMO mh npeflcKa3HBaeM KanecTBeHHyD 3aBncaM0 ctb 
aepaofla 3Be3flHoro mnma ot yrjioBoft cKopocra (cm. 8, 10) jym 
3Be3fl flaHHoro caeKTpaflBHoro Kflacca nnaBHOtf aocfleflOBaTeABHOcTH. 

3tot pe3yjiBTaT MO*eT c5htb npoBepeH HatiJiiQflGHHJiMH oyTeM oa- 
peflefleHHH nepHOflOB UHKJIOB aKTHBHOCTH 3Be3fl (JfflKCHpOBaHHHX 
cneKTpajiBHHx KJiaccoB rviaBHOii nocfleflOBaTejiBHocTH, oCuiaflannax 
pa3JIHHHHMH yrJIOBIflSffl CKOPOCTHMH. 

2. NQSKBB 3BE3BH0IX) JU1HAM0 


Mh oTO^aecTBHM nepaofl 3B63flHoro UKKJia c nepaoflOM Bapaaimft 
cpeflHero (RpynHOMacurradHoro) MarHHTHoro uojlr 3Be3flH. Ochobhhmh 
HCTO^HHKaMH He3aTyxannax H3MeHeHBa noM cJiyxaT HeoflHopoflHoe 
BpameHne t J(l,9 ) a cpeflHHH cnapajiBHocTB TypdyjieHTHHX flBaxeHatl 
O Hto<5h H3dexaTB reoMeTpaqecKax ycJiosHeHHft mh armpoKcn 
MHpyeM KO iuiockhm cjioeM, opaeHTHpoBaHHHM BfloflB nojinpHoro yrjia 
Q , a orpaHHraMCfl paccMOTpemieM ocecHMMeTpa^Horo (HesaBaca- 
mero ot ) no an. Toraa b AOKajiBHHx flexapTOBax KoopflHHaTax 
), 3 aMeHJIfflDlHX COOTBeTCTBeHHO C$epHHeCKHe l ), 

ypaBHeHHH reaepaifliH aMera bha (Mo$$aT, 1980; Oapicep, 1982) 

ik~sx , ~h‘)^ =ol ^ > . lI) 

Snecb Jl - a3HMyTanfcHafl KOuaoHeHTa BeKTopHoro noTeHuaajia, 
onpejieJiflnuafl cpejpjee aanonjiaiiBHoe none ,£>■£- dJlfox) , 
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0=C>^~ cperoee .asHMjraJiBHoe none, urrpax 03HanaeT npoa3Boa- 
Hyio no B KanecTBe ecTecTBeHHOfi eOTHaun jvihhh mh acnoJiB3y- 

eM TOJLmHHV KOHBeKTHBHOrO CJIOH A , B Ka^eCTBe aHHHBUU BpeMeHH 
AVJr (vr - K03®EHixHeHT TypdyjieHTHOtt OT$$y3aa) , 0C(X t i) 9 U} (X& 

• de3pa3MepHue M e,nnHHWHHe” (fjyHKuaa, onacHBaaipie $opMy hctohhhkob 
reHepaman cnapanBHocTB a OT<M>epeHUHajiBHoro BpameHHH cooTBeTCT- 
BeHHO, a bbootm de3pa3MepHoe OTHaMO-Hacno; 

£> = (3) 

V r > 

i\ue <X 0 - MaKCHMajibHoe 3HaHeHae cnapaJiBHOCTH, &CJ - BaraHH- 
Ha (co 3HaKOM) nepeaama yrnoBoi* cKopocra, KOTopntt mh sjih npoc- 
toth dy^ew cHMTaTb pajXHajiLHHM (dCJ/cIZsSCJU)' ), JZ - pamiyc 
BHyTpeHHeft rpairauH kohb eKTHBHofi odJiacTa. BMecTOTOHHux rpaHHH- 
hhx ycJioBHa mh dyjjeM npocTO opeanoJiaraTB, hto $yHKnj 
« &(*>*£) ^ocTaTOHHo dncTpo cnai*aK)T BHe odJiacrett reHepa- 
mm. JUh pemeHM cacreMH (I f 2) HeodxoflBMO 3amaTB pacnpemeaeHae 
(b npocTeftiueM cayqae no pajmycy 3Be3OT) hctohhhkob reHepauaa 
0 Gd ^ 

Eyaew hckbtb pemeHne b b a#e maHaMO-BOjm enpOft+Uftt-kx)] 
C aMOJIHTyOTMH Q,, fc> f 3aBHCHIHHMH OT % . 9r0 3KBBBa7ieHTHO 

apeAno^OTKeHHK) o MemmeHHOM H3M6H6HHB napaMeTpoB no OC . B pe~ 
3yjiBTaTe Haxo^HTca 3aBacaMocTB qacTOTH 3Be3jmoro ubkot. Q ot 
OTH aMO-Hacna a to kphtb necKoe 3HaHeHne, opa kotopom othsmo- 


BOJiHa cTaujiOHapHa. 

Mh o rpaHH hhmch paccMOTpeHaeM JiaHeftHOft no noM KapTHHH a 
npounoJioxBM, hto nacTOTa KOJiedaHaii neJiHHeitaoro pemeHHH dJiaBKa 
k nacTOTe Haadonee dHCTpo pacTymeft JiaHeftHOft moot, t. e. moot c 
M an cm MajiBH hm HHKpeMeHTOM. Buxoa Ha HeJiHHeftHoe pemeHMe co cTa- 
uaoHapHOtt aMOrtHTyaoi! npoacxoOTT b pe 3 ynBTaTe odpaTHoro bjxhh- 
hhh MarHHTHoro nojiH Ha cpeOT^D cnapaJiBHocTB hjih ( h ) OT$$epeij- 
oaaJiBHoe BpameHae. CnenaHHoe BHme npeancwioKeHae corjiacyeTcn c 
pe 3 y^BTaTaMa pacneroB HeJiaHeftHux Momeneft c^Ji 0 KaiiH 30 BaHHHMii 
acTOHHaKaMH reHepauaa (MBaHOBa, Py 3 Ma&CHH , 1977; JOmopHH, Py3- 
MaftKHH, 1981), B KOTOpHX n 0 K 33 aH 0 , HTO H&HHHeflHOCTB OHadO BJIH- 


H 6 T Ha nepaoji uaKJia. 

flocKOJiBKy 3 ajiaqa o pacnpaneneHaa BpameHHH a cpeOTeil cna- 
paJIBHOCTH no KOHBeKTHBHOa 30 He 3 Be 3 OT flOKB H 6 peilieHa, MH HC- 
cjienyeM jxbh rpydux KpailHHX cHynan: a) hctohhhkb p&cnpcm&neHH 



6 


no paauycy npndJm 3 HTeJiBHO ojuiopoOTO mm HMemr MaKCHMyMu, pac- 
cTOHHue Mesmy kotophmh MeHBme xapaKxepHHx wpm hctotohkob; 

6) 0< h U) jioKam30Banhi b pa3mmux HenepeKpuBaxwxcx cjiohx. 
CymecTBeHHO, axo 3 ebb chmoctb nepKOfla ot OTHaMo-^mcJia pa 3 JiHHHa 
b Myx 3 TUX cjiy^anx. 

a) OepeKpaBaHmaecH hcto^hbkh reHepamm. 

XapaKTepHHe 3 HaneHHH ^HRawo-HHCJia (3), oueHHBaewHe jurn 
3 Be 3 AHUX KOHBeKTBBHUX OdOJIOqeK BeJIHKH ( > ID 3 ) . A KaK HOKa 3 BBa- 
er acHMnTQTH^ecKHa aHajiB 3 ypaBHeHHft reHepamu! (McanoB n jqd. 
1981 ), npH douiBinHX OTHaMo-HBCJiax peuierae KonneHTpnpyeTCH b npo- 
CTpaHCTBe a win ero Haxoa^eHBH moxho BocnojiB 30 BaxBcn kopotko- 
BOJlHOBOtt (BKB) aCHMETOTHKOa. 

0 dO 3 Ha^HMQc *<" l h dy^eM hckbxb pemeHBe b BHfle v 

{&(?), BC'i) }exp[yt + l(flt-kx')] e cj 2 = 


r OtU) 

, &( 2 ) 



ejtp(iQ(z-* 0 )-p(i-Zof/2.)' 


r,ae 2 0 - cjioA BdJMSH KOToporo JioKamsoBano peaieHiae. 

flo.ACTaBJiHH 3 to b ypaBHeHHe (1-2) h npBpaBHHBafl HJieHH npn 
OJXHHaKOBHX CXeneHHX ^HaXOjmM OOCTOHHHUe P H Q(=0) , HaCTO- 
Ty H BHKpeMGflT pBUlBHEH 

n = j.i^r A , 

s= <4) 

r«e onpeneJineTCH noJio®eHneM aToro MaKCHMy- 

Ma. OrHoineHae aMruraxya CL 0/&0 , KaK z zem^ma 3 1 0 , onpeae- 

JIHeTCH KOHKpGXHOtt CTpyKTypOft BCXOTOBKOB Z XaKK6 MO*eT dUTB 

Hateefio onBcaHHHM Mero^oM. Oj&aRO me nejieb Hacronmea padoxa 
MOHCHO OrpaHHHHTBCH pe 3y JIBT BX OM (4). 

npM flaHHOM jmHaMo-racJie cymecxByex Haadcuiee ducxpo pacxy- 
maa rapMOHHKa, onpe^eJuieMaa ycnoBHeM dfi/dk.- O . Me Hee 

iw=0f o A) % i®r /5 . is) 

Hxodu moot c Tamu k B03dy*OTaacB ("yMema/iact")B kohb6KThb- 
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Hoft otfojioqice 3Be3,mi 


pajmyca 


R 


*. oHeBHjmo 


isrh/k. < 8 


©>2). 



HOB 

(6) 


HocKOJiBKy 4 a npaBaa aacTB aroro HepaBeHCTBa w 3Besw 
cneKTpajitHUx wiaccoB <S 0~* ^\2. H3MeHnercfl b npeji enax 50 ♦50(^ 
a JieBan - npeBHjaer IO 3 , ycaoBae (6) EHncwmeHO ojia 3Bean nosa- 
hhx caeKTpajiBHHx KnaccoB. 

BunameM b pa3MepH0M Base nepaofl OTHaMO-BOJiHH, co- 

OTBeTCTBynueit raaBHoU rapMOHHKe (cm. (5)), a noTOMy onpefleJWD- 
mea nepaofl muuia 


=7T £)' % i 1 , < 7 » 

j— i-F -W Vy 7 

rae ' /J 3 - tooio, 3aBncaiqee ot cTpoemta hctohhh- 

kob. Pe3yjiBTaT (7) He coBnaaaer c oueHKoa flapm a PodaHcoHa 
(1982),. aoJiyneMHOtt nyTeM acnani30BaHBH coodpa'seimfl pa3MepH0C- 
Tea a npaBflonoaofiHHx paccymeHaa. 



6) HenepeKpuBatmaecH hctohhbkb reHepauaa. 

dycT b(0' oTjm MeH ot Hyjm b<5jib3b jma sohh, a odJiacTB jio- 
KamaartHH 0< cABHHyTa k noBepxHocTa . MoaeuiB Taaoro Tana jyia 
ypaBHeHaa (1,2) no^podao accJieaoBaHa b padore KnaopaHa, Pya- 
MaiiKKHa (1981), rae noKa3aHO, hto nepaoa uawia caado (jiorapa$- 
MaaecKa) 3asacaT ot HBHaMO-Hacna. 

7J- h(^)\ ( 6 , 

rue A t - paccroHHHe Mesay hctohhbk8mh reHepaaaa. 


3. 3ABMCMM0CTB AEPHOAA UHKJIA OT mOBOH CKQPOCTH 
3BB3A AAHHOrO COHCTPMLHOrO KAACCA. 


Mtbk, Teopaa raapoMaraaTnoro jumaMO no3BOJiaeT HaftTa 3aBH- 
cbmoctb nepaoaa 3Be3flHoro uyuuia ot _hhh8mo— ' iHCJia t ctpyKTypu 
HCTOHHHKOB H paCCTOHHHH MeXfly HBMB ( OapaMeTpH 71 7J ) • M* 
epaBHeHHH C HadJI IffleHHHMH HyXHO BHpa3HTB SbpTZy 7i qe P e3 yrao- 
Byn ckopoctb a apyrae xapawrepicTHKH SBeaaH. 3 th napaMeTpu 
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onpe^eJiHOTCH BpaujeHHeM h cTpyKTypoft KOHBeKTHBHOii odoJioHKH • Ta- 
kkm o<5pa30M # BCTaeT 3aj^ana pac^era moiohocth ( <X 0 h ScJ. ) hl 
cTpyKTypH hctohhhkob reHepauan npa pa3JinMHux CJ jym cepHH 
KOHB eKTHBHUX OdOJIOHeK BpamaKNlHXCH 3Be3.II n03AHHX cneKTpa/iBHux 
KJiacCOB. fiOKa MO*HO BUCKa3aTb JIHUIB HeKOTOpue KaMeCTBeHHHe co- 
o(5paEeHMH. Ecjih du cpe^aaa crmpa/iBHOCTB dtuia pacope^ejieHa b 
KOHB eKTHBHOii 30He O^HOpOJOHO, TO ^HeBHOTO ( CM. ( 3) ) £) ~ CoSUJ 

(t.k. OC 0 CJ ) h T-CejScof , J npHneM acHMnTOTHKa (7) 6uj ia 
du npn roflHa npH Bcex yrjiOBux cKopocTnx CJ . B .nej&cTBHT eJiBHocns , 
pacnpefleJieHHe cpe^Heft cmipaJiBHocTH ao rjiydHHe HMeeT bh^ 


O C ~ 



Oj£/iS« 1 


(BatouTeftH h jqp. 1980), rae Ji - jyiHHa nyTH aepeMeinHBaHHH 

(iimaJia BUCOT), If - KOHBeKTBBHaH CKOpOCTB. IIOCKOJIBKy 4JIH 
3Be3^ no3jmHx cneKTpa/iBHux juiaccoB V* yduBaer c iviydHHOft b 
do^bmeft HacTu kohb eKTH bho0 3ohh, to pacnpe^e^eHHeCX HMeeT man- 
KOodpa3Hyio $opMy c Man ch My mom, onpe^eJiaeMUM yoJiom.mt(£)CJ/tf(i)4 
TaK KaK Bejns^maa £/\f pacTeT b ruiydHHy, to aoJioaeHne MancHMy- 
MaO^Clt) tom djnsxe ko jmy sohu, HeM rouse yrJioBan cKopocTB 
3 Be 3 jm. 

ECJIH npHHBTB , K8K 3T0 OdHHHO AeJiaeTCH B COJIHeHHHX JOlHaMO- 
Mo^eJiax, hto OT$$epeHUHattBHoe Bpamerose JioKaflH3yeTCH Bd^H3H jma 
kohb eKTHBHod 3 ohu, to moxho caeJiaTB BHBOfl: mm ducTpo Bpamaio- 
muxcfl 3Be3fl nepHos uaiuia dy.neT ormcuBaTBca (8), T.e« npaKTHHec- 
kh nepecTaHeT 3aBncerB ot (J . Run MeiyieHHo Bpamasmuxca 3Be3n 
flOji«Ha Outb xapaKTepHa 3aBH chmoctb Tuna (7). Jb ih oueroos hbho& 
3aBH CHMOCTH nepHOfla (7) W2 CJ HOCTaTOHHO 3H8TB OC 0 /'co)-J(f J 0 } 
H3 yanoBHH £(?)Co/lSCz-J a// t yHHTUBaw npMMepHoe hoctohhctt- 
BO £ IT C QOMOIQBK) (9) H3X0OTM Ctf ~ fCJ V^rJ ^ 

CJie^oBaTeJibHO, 


• r r* r T2u''(^/K&<j) Vl 


EcTecTBeHHO orajuaTB, hto npii Manux yrjiOBux ckopocthx nn$$epe»- 
UHamtHoe Bpamerose 3Be3fl naHHoro cneKTpa/ibHoro KJiacca SCJ^OJ 
c KOd^nmieHTOii, onpenejwewm kohb eKTH bhumh xapaKT epn cTHKaMH , 
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He 3aBHCHniHM ot BpaiueHHH (npu Pojtboihx HHCJiax Pocdn)/ 

Tor^a mh npHxoOTM k npocxofl 3sibk chmocth 
~ / L \ 2 /z 

T * Tl (jj . do) 

B npoMe)syTOHHoa odJiacxH Meamy (8) h (10) nepiaofl, no BMUMOMy, 
pacTeT c poctom yrjiOBoft ckopocth. 3ro hcho, HanpuMep, H3 xoro, 
hto r 7Z~(oc pacTeT c yBeJnaneHiaeM paccxoHHHH Me*my 

odJiacTHMH jioKaJiH 3aijHH hcxohhjskob reHepaujua - cmpaaBHOcra a 
jta^epeHUHaJiBHoro BpameHM. Ha bto se yKa3UBaer h yMeHBuieHHe 
MHOKHTeJlH 77= ‘tk'/h.’- c yMeHBmeHneM yivnoBoft cRopocxa, 
T.e, co c<5jm«eHHeM hctohhhkob. 


4. OBCYTOEHME. 

Bume mh paccMOTpeJia 3aBn chmoctl nepao^a qsifuia ot yrjroBoft 
ckopocth jyiH 3Be3A (jMKCHpoBaHHoro KJiacca. Bcuiee cJioseH, Ha Ham 
B3ivum, y^eT 3aBii chmocth nepHoaa uaiuia or cneicxpaabHoro miacca 
h nocTpoeHHe iiob epxHOcxn 'T'ftySp) . C*mxaexcH (EeJibBeoiep h 
^ p. 1980), tto Teopna OTHaMo npeutcKa3HBaex 3aweTHHft pocT nepzo- 
fla npH nepexo^e k Pojiee ao 3OTHM cneKTpaJiBHHM imaccaM. 
f yQ cemom neze, npu nepexoae ox imaccoB GrO k MHOxaxeJiB 

* b $opMyjie (10) a h'/Jr b (8) pacTyT H3-3a yBeJiBHeHaa 
TypdyjienTHoft OT$$y3H£, odasaHHoro a&HExeHBS cbsthmoctb . OflHa- 
ko, mu noxa ue 3HaeM Rax R3MeHaeTca npa tskom nepexoae cTpyx- 
Typa HCTOHHHKOB (MHOTQlTeJDl 7o 11 *1 KpOMe TOTO, B 

paccMOTpeHHoB Buue MOfl&ra He yaaTHBafloa TypdyjieHTHutt juaMarHe- 
TH3M, KOTopuH corjiacHO pacaeTaM cojmeHHoB flHHaMO Moaeim (toa- 
HOBa a Py 3MaltKHH , 1976) BjmaeT Ha nepaoa UHKJia. tlocKOflbKy, apa 
nepexoxe k no3juniM cnexTpaabHHM miaccaM TypdyjieHTHaa nporamae- 
MOCTb (dr>/y& ^paCTeT, TO 3 T 0 T 3$$eRT cnocodcTByeT yMeHB- 
ueHHD nepaoflOB iibkjiob. 

HpeflcKa3HBaeMaH 3aBH chmoctl T^fcj) , ,mh 3Beam aaHHoro 
cneKTpMLHoro xaacca (cm. (8), (10)) aoaycxaer npaMyn HadJinaa- 
TejiLHyB npoBepxy. HMenmaeca HadJUfflaTeabHue aaHHue noxa HeMHO- 
roHBCJieiiHu. Ohh He npoxHBopeaaT ochobhum pesy^bTarau (8, 10) 
(cm. Tadjmny) . xoth h h eaocTBTOHHH zyia hx noaTBepaaeHaa. Mu 
HaaeeMca, tto b jjeftcTBynaax a oxaHapyeuux HadanaaT exbHux npo- 
rpaMMax dyxjT nojiyaeHU donee odxapHue xaHHue no aepeoxaM qax- 
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mob 3Be3M, 6 mb3kbx no caetcrpaJibHOuy juiaccy , ho o&nananmix pa3- 
JIBHHHMH yrjIOEHMH CKOPOCTHMH. 

EnaroaapHM fl.B.3&nwioBHHa 3a ueHHHe aaMenaHHa, M.M.KanoBy 
h 3.B.3prMy 3a none3Hoe odcyameHae peayjiBTaTOB na6MmemR h 
AHHatfflKH KOHBeKTHBHHX oOOJIOHeK. 
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T A.B OUA 



* G2 : G 5 : G8 : K0 : KI : K2 

• K3 : K4 ; K5 | K7 

0,56 


: : : :~I9 

0,60 

:::::: 

; :~22 : : 

0,63 

: : : : : :~24 


0,73 


: : : 14 : 

o;79 


: 16 : : : 

0,93 


: :~20 : : 

I 

:2Z: : : : : 


1,29 

: : : ; 16 : : 


1,29 

: : : : : 16 : 


1,35 


: : 18 : : 

1,58 


: : : :~20 

2,5 

: :~24 : : _ : : 


3,2 

: : :~24 : : : 


3,9 

: : : :~20 : : 



HsBecTBue as Hafomemfi saHHue o nepaojiax ohkjiob sseas 
B yrJIOBHX CKOpOCTHX BpameHHH BBHTH H3 padOT BHJIBCOHa (1978) 
H Boraaa a flp. (1980). 
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